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Multiple Forms of Epidermal a-Fucosidase 
TERUO MIYAGAWA, M.D. 
Department of Dermatology, Fukuoka R ed Cross Hospital, Fukuoka, Japan 
Two forms of a-fucosidase from newborn rat epidermis 
were separated by gel filtration on Sephadex G-150. 
These enzymes termed, fucosidase I which was eluted in 
the void volume and fucosidase II (molecular weight 
approximately 50,000). Both enzymes had pH optima for 
4-methylumbelliferyl-a-L-fucoside hydrolysis between 
5.5-6.5. Km values for fucosidase I and II with the same 
substrate were 3.7 X 10- 6 and 5.4 x 10- 6 M, respectively. 
Three different forms of new born rat epidermal a-fucos-
idase were separated by isoelectric focusing. Evidence is 
present which indicates that the electrophoretic hetero-
geneity of a-fucosidase is due in part to the binding of 
sialic acid to the primary gene product. 
The physiological role of a-fucosidase is lacking, but fucosi-
dosis caused by a deficiency of a-fucosidase is characterized by 
an accumulation of fucose containing acid mucopolysaccharides 
and glycoproteins. 
Two types of a-fucosidase have been described in human 
tissues [1,2]. The most commonly used method of separating 
this enzyme has been Sephadex G-200 [1-3], although the use 
of starch gel electrophoresis [ 4,5] and isoelectric focusing [6, 7] 
has also been reported. In the previous paper [8] the author 
reported the presence of multiple forms of epidermal .8-galac-
tosidase and their glycoprotein nature. As part of a series to 
assess the glycoprotein nature of these enzymes, this paper is 
concerned with multiple forms of a-fucosidase before and after 
neuroaminidase treatment in newborn rat epidermis. 
MATERIALS AND METHODS 
4-Methylumbelliferyl-a-L-fucoside was the product of Nakarai 
Chemicals Ldt. Kyoto. Cytochrome c, egg albumin and bovine serum 
albumin were purchased from Sigma Chemicals respectively. AU other 
reagents were of the best available analytical grade. 
a-Fucosidase A ssay 
Newborn rat epidermal extracts were prepared as described previ-
ously [81. a-Fucosidase activity was determined with 0.1 mM 4-meth-
ylumbelliferyl-a-L-fucoside, LOO mM sodium acetate buffer, pH 6.0 and 
enzyme, in a volume of 0.5 mi. Incubation was performed at 37°C for 
up to 60 min. The reaction was terminated by the addition of 2.5 ml of 
0.2 M sodium carbonate buffer, pH 10.4. The fluorescence was read in 
Hitachi spectrophotofluorescence 203. One unit of activity hydrolyzed 
I nmol of substrate per min under these conditions. 
Gel Filtration 
The crude extract of newborn rat epidermis (20 mg protein) was 
dialyzed against 50 mM sodium acetate buffer, pH 5.0, containing 1mM 
ethylenediaminetetraacetate (EDT A) . The resulting dialyzed solu tion 
was a pplied to a column of Sephadex G-150 (2.7 X 84 em) equilibrated 
with the same acetate buffer, and elu ted with the same buffer. The 
flow rate was 12 ml per hour and 5 ml fractions were collected. 
I.~oelectric Focusing and Neuroaminidase Treatment 
Isoelectric focusing and neuraminidase treatment were carried out 
as described earlier [8]. The carrier ampholite concentration was 1% 
with a pH range from 5 to 8. 
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Molecular Weight Determination 
The following were chromatographed on a column (2.5 X 90 em) ot 
Sephadex G-150 (10 mM Tris-HCI buffer, pH 7.5, in 100 mM NaCl) : S 
mg of cytochrome c (mol wt 12,400), 2 mg of egg albumin (mol wt: 
45,000), 2 mg of bovine serum albumin (67,000) and newborn rat 
epidermal a -fucosidase II (500 units) in 3 mi. The flow rate of the 
elution was 12.5 ml per hour and 3 ml fractions were collected. The 
elution volumes of the s tandard proteins were plotted against the log 
molecular weight. 
Protein A ssay 
Protein contents were determined by the method of Lowry et a1 
[9). 
RESULTS 
Gel Filtration 
Two different forms of a-fucosidase from newborn rat epi-
dermis could be separated by gel filtration on Sephadex G-150 
(Fig 1). The first peak fucosidase I and fraction 58-64 of 
fucosidase II were pooled, respectively, and used as enzYme 
preparation in the following studies. 
pH Curve 
The optimal pH for fucosidase 1 and II was determined in 0 .1 
M sodium acetate buffer (pH 3.5-6.0), 0.1 M potassium phos-
phate buffer (pH 6.5-7.5) and Tris-HCl buffer (pH 8.0-8.5). The 
2 enzymes showed maximum activity at pH 6.0-6.5. The genera} 
shape of the pH profile was also similar (Fig 2). 
Thermal Inactivation 
The 2 enzymes were incubated for 10 min at temperatures 
from 30 to 90°C, and subsequently the hydrolysis of 4-methyl-
umbelliferyl-a-L-fucoside was determined. Fig 3 showed the 
percentage of activity remaining after heating as compared with 
the unheated control. It is clear that fucosidase I is thermostable 
and on the other hand fucosidase II is thermolabile. 
Km Values 
The Km value of each enzyme for 4-methylumbelliferyl-o:-L-
fucoside was calculated from Lineweaver-Burk plot. The Km 
values of fucosidase I and II were 3.7 X w-~ and 5.4 X 10- 5 M, 
respectively. 
Molecular Weight of Fucosidase II 
To determine the molecular weight the relationship between 
the elution volumes and the logarithms of the molecular weights 
of standard proteins (cytochrome c, egg albumin and bovine 
serum albumin) was compared on the column of Sephadex G-
150. a-Fucosidase II was eluted as a single peak between egg 
albumin and bovine serum albumin. The elution volume (320 
ml) for a-fucosidase II corresponded to a molecular weight of 
approximately 50,000. 
Isoelectrofocusing Before and After Neuraminidase 
Treatment 
Isoelectric focusing of newborn rat epidermal extract was 
carried out in sucrose-stabilized pH gradients with Ampholine 
of 5.0-8.0. A typical isoelectric focusing pattern of newborn rat 
epidermal a-fucosidase was shown in Fig 4,A . Two major peaks 
with isoelectric points of 6.7 and 6.4, and 1 minor peak with 
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FIG 1. Elution proftle of o-fucosidase from newborn rat epidermis 
on Sephadex G-150 column. See text for details. 
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FIG 2. pH optimum curves of newborn rat epidermal o-fucosidases 
separated by gel fLltration. Solid circle fucosidase l, open circle fucos-
idase n. See text for details. 
isoelectric point of 5.05 were found . After incubation of newborn 
rat epidermal extract with neuraminidase, isoelectric focusing 
was performed to determine whether the isoelectric forms of 
a-fucosidase are related by sialic acid residues. 
Fig 4,B showed the isoelectric focusing pattern after neura-
minidase treatment. The isoelectric points of the major peaks 
corresponded to 6. 7 and 6.4 while the most acidic minor peak 
with isoelectric point of 5.05 disappeared. When this proftle is 
compared to the proftle without neuraminidase treatment (Fig 
4,A) it is clear that the most acid form with pi of 5.05 was lost. 
Enzyme activity was not decreased during neuraminidase treat-
ment. Isoelectrofocusing pattern of a-fucosidase after incuba-
tion without neuraminidase at 37°C for 3 hr showed the similar 
profile shown in Fig 4,A and the most acidic form with pi of 
5.05 was still present. 
DISCUSSION 
The results presented in this paper indicate the existence of 
2 a-fucosidase with differences in molecular weight, thermosta-
bility and Km value in newborn rat epidermis. Wiederschain, 
Kolibaba, and Rosenfeld [l] separated 2 forms, fucosidase I 
(macromolecular weight) and fucosidase II (a low molecular 
weight) from human placenta, amniotic fluid, liver and kidney 
by gel filtration on Sephadex G-200. The elution pattern of 
these enzymes on gel ftltration [1] was similar to that of epider-
mal a-fucosidases shown in Fig l. They also reported that the 
pH optimum for fucosidase I and II was 4.5-5.0 and 5.5, respec-
tively. However in epidermis, 2 forms of a-fucosidase could not 
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FIG 3. Thermal inactivation of newborn rat epidermal a-fucosidases 
separated after gel filtration. olid crrcle fucosidase l, open circle 
fucosidase II . 
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FIG 4. lsoelectric focusing of newborn rat epidermal o-fucosidase. 
A, before neuroaminidase treatment. B. after neuraminidase treatment. 
be distinguished by their pH proftles. DiMatteo, Orfeo, and 
Romeo (7] reported the interconversion between the thermo-
stable macromolecular weight form and the thermolabile low 
molecular weight form (the former is probably an aggregate of 
the latter) . 
Turner, Beratis, and Turner [ 4) separated up to 6 a-fucosi-
dase from erum and cultured cell lines by using starch gel 
electrophore is, and suggested that electrophoretic heteroge-
neity of a-fucosidase is due in part to the binding of sialic acid 
to the primary gene product. Alhadeff, Tennant, and O'Brien 
[10] described the presence of 7 forms of a-fucosidase separated 
by isoelectric focusing and reported that incubation with neur-
aminidase eliminated the 5 most acidic forms and greatly in-
creased the amount of the most neutral form. In the case of 
newborn rat epidermis 3 electrophoretic forms of a-fucosidase 
wer s parated by isoelectric focusing. The existence of multiple 
forms of a-fucosidase raised the question of whether these 
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forms were interrelated by sialic acid residues. The results of 
isoelectrofocusing before and after neuraminidase treatment 
suggest that at least the most acidic minor form with pi of 5.05 
contains siliac acid residues. 
The author thanks Drs. T. Kuribayashi and J . Noda for their 
encouragement. 
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ANNUAL MEETING OF ESDR 
MAY 12- 14, 1980 
The 1980 Annual Meeting of the European Society for Dermatological Research (ESDR) will be held in the 
RAJ Congrescentrum, Amsterdam, May 12-14, 1980. Attendance at scientific sessions will be open to all 
members, contributors and guests. Nonmembers who wish to present a paper may submit an abstract. They 
will be invited to attend the meeting as either contributors or guests. Abstracts should be presented on the 
official form. The deadline for submission of abstracts is December 1, 1979. Abstract forms can be obtained 
from: M . W . Greaves, ESDR Secretary, Institute of Dermatology, Homerton Grove, London E9 6BX, U .K. 
